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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a high 
luminous-efficiency nitride semiconductor device which 
has an active layer containing nitride semiconductor 
including indium. 

SOLUTION: A first nitride semiconductor layer 101 
having band gap energy higher than that of an active 
layer 16 is formed on at least one surface of the active 
layer 16. Further a second nitride semiconductor layer 
102 having band gap energy lower than that of the first 
nitride semiconductor layer 101, and a third nitride 
semiconductor layer 103 having band gap energy higher 
than that of the second nitride semiconductor layer 102, 
are formed on the first nitride semiconductor layer 101 . 
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(54) t^^©^#] Sfc*¥&#5Vtf;* 



(57) imm 

(16) <©4>fc< i fetfifilC, Sft 
€ (16) <75x<>- K=5r>j'7*3i^yu^— £9 

(10 1) £ffit!fcJI (16) K«L-C»J*U £<=>fc, 

*©±kib i mmtem^vHtm (iod <tv<^ k*?* 

2 ©aftWifaiflcJI (10 2) J&2C0g 

•fbt&^aMWI (102) ro/<yK^ftJ'/^A' j f-i 
9 t>*:# fc'O' Kdf-y * -^zc^/u^— &m-tZ>n 3 cog 
fldfe^aifWi (10 3) **j*-*"S. 




1 

[i?t**l] JBl*J,tVJB2<0*ffi**L, -TVv^ 
t>'h $ fro K=¥-v y T^-^A^— £r*rf-£.M 2 <DMit 

vs^Mfcmhi. sumfemmmi o&mmz&^x * s%m 

m 3 <Dmim*?&&m t ^ist^mtm^w-mm^m 

[is**2] jBiroa^*#w**is. *+yr«j|» 
^*y s ie* 

[IS** 3] Sl<OS^«^9|(f:J|^. 0. lj» m « 
Tc0if$ £^-f51i*Jg 1 * ftl-i 2 %Lmr>fy^ 
[US** 4] an fiog-fbfeiNSflsJias, ioty^ 

h n— A»±©»* «r*-f-SW*q( 3 fE«©^W 
[IS** 5] S^fe^igfWItgiias, ett*<z>p«K: 
••■511**1 ^^L4«5V^-fixA»l *f£«tf> 

[fis**6] m2<Dmt¥i&m#mifi* n\<om.itm 
[is** si mftm*m#mmm.ifi* m^m^nmiz 

tef$.£tlX^Z>m*.m. 1 L 4 cOi/^Jx^ 1 *!£$£<£> 

[is** 9] m2<Dmt®¥w&mt>K micnrntm 
[is** io] » 3 ogftife^sMttia*. * 2 ©»fc 

[iS**l 1] 35l*i«tU5»2ro*ffi*^-L % 
4&iN**a»&*9 % &«^<£ 9 K*^* 

9 t'h$^<^ K¥-v j/^^yudr— *-W-f5^2co 
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j/T"^^— 4r*-f«!ir3<oJi4rflB^.fcr i4r«p»i 
h>^y l l 

io [»*si3] minrntm^wmtt, o. l^m 

[fg**14] ^KOS^^ffSAS, lOt^ 
^ hn-Ay±co)f:$^*r-t-5fS*JSl 3!E«c07 ; ><f' 

iXT^58S**l 1 fci^Ll 4<^-fft*>l*i£«<07 ? 

[ff**16] IsrolW?*!^, M2WHt 
20 <bnr^5fS**l 5lE«<Z5-r 

[n**i r] mi&zxfWi 2<o3eE**ru -r^t? 

m&m, tm i ^m<D'm2<D^M\^^xWi>fSL^ix, mt 
9 , temfem^y K¥+ 

— i 9 t»***'<>' K¥+ y^*^^— Sr*i-«IB 1 
oJls s^gtt®co^2ro^Sffi«cifc^-C, Slifflli 

Sifted e>fc 9, Si? KajfiZVO K¥+ yT'ai^^dr— 
30 J; 9 K^-rs'7'=-*A'¥— JR2© 

#>^Sfls^ 1 P,^9, gam2W/B«?>'<v K^+y/x^ 
9 fe ***^>' K^-y 

[W** 18] Ml 0>»fctt¥3MWias, y r^s 

h>^.y V^L^5(c+-^ffv^$«r^-t-5fS**l 7 

40 [fS*igl9] ^ 1 (O&itlto^&mtK 0. lAm 
[fS**2 0] »l©ltt#*»ii 5 < lOt^ 

tr-Tv>5fil*iIi 7^v>L2 0WV>-f^*»l*BE«Wr r 
[18**2 2] »3 *2«*K«LT»»t& 

so 3xri/"5a**2 i ieieco7 ? ^<i'^. a 
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»2cOp«aft*^8l*Jli, KStt«0>)Sia>«»« 
««2 0p«»t«#**«.t 9 tttiSftt» 
ttjS2<0p«»k«rt*W* 
«0V< V ^ ^rc^M^— £ 9 K3r> 

5/ ^i*^*— JB 3 p tt2ft:tt4*8F#/l i * 

2 3Ef^f^^ 0 

[»#iS2 5] JBlOpWa^tt^WffJidS. 0. 1 

/imJ^TcOJ?££^-r£fI*Jg2 3*fctt2 4l£«^7 =r 

[»*fl2 6] *l<7>p«(»fc4&#»ff:JidS, 10^ 
[IS*Jg2 8] Jf*i<DnM3ftMM*3MHI*** 0. 1 

Mm£jLT<?5ff$«' : fir"^5»3RJS2 3^V^L2 7C0V^tb 
A»l JSIEttcO^^^o 
[W*«2 9] JSl On«2fl2&*»#JBa^ 10* 
Kn — i^fiJL±<ofl[$«r^r-J-«|(|**2 SfE^cO^ 

[»*«3 0] *2CDp«*fl:«^*f«Bas; Jgico 

fttfSSJ 2 co P ^WCS L -CStt 6 ixrv > S ft 
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[W** 3 1] IS 2 n«£fctt¥3MHB as, ft l co 

[W#*3 2] nffia^tt^W^fejfcSJBlO^? 
^ hn-ix^TC0i?$^^-L, TiffiJi±K^Tifi!/i^*f 

K— rufca^«*SW*^&/j:SJB2 

[H**3 3 I #FJB^ ^In f Ga w N(0< 
f<l) -C^*il«2^«l^ff^&nc5ii*if 3 2 IE 

SBsRiffl, 11, 17, 2 3**:tt3 2 IE&cOtv^ 

[»**3 5] stt*fc K-y^n^ww, *>y 

< k 1 oco#F/I^ K— 7"Sft"C0^5H*ia3 4£fc 
tt3 SEfOf^V^o 

30 [0 0 0 1 ] 

9, i9A#6!)i:it ^— T^-Y*-K (L . . 
D) Tv^^, **^*— K (LED) ^<Y^^C0 

[0 0 0 2] 

1. 9 5 — 6. 0 e V$ tO/<y h» j/ 7*x^U^- 
40 **TL»57t*. 3S#^V*-K (LED) ^<^^, 
f-'^V*-K (LD) ^^-Y^^^flc**^ 
*{X<D&mk L-C«*i 9ffiB£;JvCV^o Srfi.-^CO 
a^ft^Sf V ^TiSJ»JS<0*fe LED ^ 

^5fiLEDT r /<-r^a5||ffl^^^^-c^/^5o m«bco 

[0 0 0 3] tt3fc<^LED7*^<-f -^tt, I 
nG a N ± 9 45iSttiiS*tA 1 G a N £ 9 45ni 

50 *^t5o ni!?7J/ KJifCfiG a N<t 9 <e5 nS 2 V 



(4) 
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bm&J&ftLZirL* 4fcpfi^7y KitttGaNi 

So 

[0 0 0 4] LD^^ ^fcS*«Jf-fiffTiELEDf r >'< 

-2151 i ^m^Tr^nx^^o — io 

MSnSG aNi'i) # 9 ftiL^as p ?gG aN±!3 45 20 
cO^t^V KJi^M^S54^?t I n G a NgftiMt, 
nSjt^/Y KI(?5±fCnlAl GaNi945*+i)T 
BBCii^Ji^JB^Sn. pM^Ki^±ICpS!Al 

So 

[0005] <hrsr% iis-co^^^x-n*igco^ 
MJicgLr, 

[0 0 0 6] ^kfe^ftcLD^W^^^frfclSIiai 

(«l;ttf. mjfE^:«^M) o 30 
[0 0 0 7] 

[0 0 0 8] «ot, *«W<z>S«jtt, Y^^tt 
[0 0 0 9] 
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[0 0 10] **M<7>a<t4&^flC7 =r x<-<^^*50>-C, 
fcft««fc»tt^*»«iBct^J:9»5«r$*t*. KIT 

# A m it ^ JB/S $ in £ ftil £ n -GUI k v > 5 r i ^ £> a 0 

[ooii] *zx\ ±mmfc»*mi*mmm'±s &tf= 

®^p{&r(^ L< finite, *fcttpffl*5«tt^nW02X*- 
JJ 7^ h y v^L»Sfc+#«^*S*#-*-<5 

riw^K, i^^fc^ o. itxm&mm 

[0 0 12] Sfc, *38Wf±, #2<EHMffifc::|3^"C\ n 
tfS<t«I^S#a*e>fc9 7 O^^ hn-A^TcOj? 

Ay y^&t * j*?t z>m&m ; 

-7 p Lfc»t«*»W»5)45S20iJ'7y K«Sr«B^ 

[0 0 13] *«Kf-*5^ > "C. JE<a<t4fc^ai«ci:V^3 

Si I n x Aly Ga N (O^x^l, 0^y^ 

1. 0^x + y^l) "C***L5a<t«i*»#4r»^-o 
[0 0 14] 

*#W**fcf4aft^y (G a N) [Cit^-C^SL 

7to i-*fe*>, InGaNtl^EtSInNtGaN 

CI nNcbGaNir^ffi^St^-Sigr^]^^ 1 ?. Y>"^^ 
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^\ tZX\ InGaNiSftIttt8«*0»k** 

[0 0 1 5] J E-^<t5fC^>'v ; ^A#^-^{g^ / ^I nG 
a NSttJitCG a N <fc '0 Ki«r8UtJB*L 

Sfe^fffttt^Wfr^-Ctt, SttJB (InGaN) 

KJi (GaN) ^yK^y/ 
j:*/u¥— te^:tl&t:±$ < (InGaNt^In 
(TD-S-^T^S^^-C. I n G a NlM^G a Nfi^Cg 

/■ & SttB £A £ i L T 

* (hv) 4r*i-S«Tfc. a-^ilETLittiSttJB**— 
^a — LT*n^4xaA«!littS*tffill<30^-< Kit 
(GaN) tc~£X\ -r^^S^ttpl!*^ KJifc, 

[0016] tzx\ ttntomitto^mt*?*'^ 

&m\z&l*XZ.1rL&&AjX'B&.£tiZ> 2 ocojg l cog 

&o 

fit, 2 0C0^1 (^JlttSttJBi 5 fc 0. 0 1—4. 05 
e V^t^O- K^r> y^*,*^— -COX 

5 v K*> y &#1-2>m i <£>JI 

<z>*?«Efc«fc 0 . SttJB^aA$*ifcS^*fcttjETLdSS 

p*!lJl*5itf»2 60n*(Jl) *R#£o rtl^^2c7D® 

< nmi <7V<V K^^sy^^u¥— i 9 fc 0. 01- 
4. 0 5 e v/h$ ftxy i/^x^*- iff 
£o 3-Jf?2<^/i±tc. »^L<firix<hSU 
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3 

^tlfe2OC0m3C0® (I3^p Ml & J: r>'M 3 ^ n {Ri} 
JS) £rs2:tt3o wtL&i&3<Z>Jitt, Jg2C9if <7V<> 
* y^r:*^— £ ^ h±$te/<y y 
— Sr^TLT^fttfJ^ , iflKH g*2tf>Ji<zv<> K 

Jr>^/x^/^-J:H0. 0 1—4. 05eV^# 

^yK^>^x^/^-^st^o J&>< Its J£3 
<7?JBfli|A*?>i£AS*l7t:a^4fcttiE?Ltt. «t 
y sx/x^¥- «r*i-5»2 0JB— 

10 A$ixSi5 % JgicojU-ZVO- K=¥* y^x^//*- ^5^c 

co|£l<OJI£ Nv^aStciOSgt&frtsni ( r> 

5 Its «^SfcttiE?Ltt, »3<©«^&Stt»*-ca 

*Wfci£A$Jl5C<S:i45o L"C, **W^^< 

<k»*WtcaA*n, A»oSiF*fcttiE?LttiSAft'l<b« 

5£-<£<!:, A 1 NC0^<y K^ J r^7'x^;U^-}i6. 0 
eVffc!), G a NO^y K*-ir y/x^¥-fi3. 

1 . 9 5 e VT£>£ 0 

[0 0 17] a±<oRH^6tW6^fti 5fc* **W 

30 iiSfiUtSJx^o »fc»*L<tt, ^<^3*«iSttf£tfe 
■ jiopfffl (pflB^oit^nW) fc»W&n5o 
[0 0 18] . 
[&W<7>mm<Z>BM] SIT. Hi <CV^LH5 4:*RBL-C 

ffi«R(c J: 5 L D * <0-«a**-#-*a»/j:»ffin 
ttp«fca^5,ix-C^^5o 

[0 0 19] El 1 [C/TtLDf^^^tt, S«l 1± 
40 tc. /^^^r®l 2^r^L-C> nl^y^^ 1 3. 
nffi** yrfB&i&aWB (*B^i&ae>«) 14. nS* 
^ KJ1 1 5 . 1 6 , SttJl 1 6 X *) bsO K^f 

^ y ^-ai^ A'^-iS** v^JS l co p «mb4b^«f|:« i 
0 l , SBicOpflja^tt^S^JBJ: 9 fc-'O' K^-y^r 
^^—dS/h$^^»2 0p*iia<fc» i l £ »#/Bi 0 2. 

»2fl0p«a<k**w*«i o aiH^yK^yT' 

t^5o pla 1 7 ±trti=2 Nt^— 

50 1 8 a £rKfrtfcfiaE$feWi 1 8 a*Htt &;ft-C^-5 0 nS 
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£<> !Emffi2 0te, «iS(tifc3pJB l 8*7)3 h^—^u 
1 8 a 2riiLTpS^ bM l 7 <t8tti/^ 0 

[0 0 2 0] g^E lift, J* tf^A- (M g A 1 2 O 
4) , f7r^T (AU Oa, Ai, RI, C®£<a 
tr) „ SiC (6H N 4H, 3C^tW , ZnS, 2 
nO. GaAs, G a N^lftfe^^f tSfc*!) 

[0 0 2 1 ] si? ~7tM 1 2«\ A 1 N, G a N % A 1 

GaNSt'Mt^ri^t'^ 9 0 o d ca~FGor&jg ' 
T\ »-M->'^* h a— j*~~&wx->fx b d — Acoi? 

S^*«fD^Sfe*^fiK$*LSt>c?3r-&5o Sot, 

[0 0 2 2] ni^y^^ hjg 1 3^ *ffctt^#"C 
?SjSc£iT^ , »ICG a N, I n a G a x - a N (0 < a < 

1) vMf&i-z^htmti^^o &wmmic&\,^x, 

I n a G a N (0 < a < 1 ) * fctt«1El<0*§ifc «t 
£>5) o S i £ K — ~?V>1t.O a Nt?ni3yW 

[0 0 2 3] nS^y^^hilS^xj/fy^ci^ 
AUTi.W, Cu, Zn. Sn. I n*Z>4fcJRS£L 

[0024] nS^tyrfflCMIi 4, *Jj;t^<Z> 
Jil 4±l:M^f^^nl*^ KJil 5tt, 

2/ ^ai^/i/^— i (9 K*> 

#>JI 1 4 0. l/im-l/im^t'MJ 

[0 0 2 5] nSW KJ1 1 5±lC7Bj5Sc£*lT^a& 
a*fctt*S«^#F«iS) *#U ra>*-T*F«iS 
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1101 coiSf#co^o K^ti'^J: 9 K^r 

n d Al c G a !- d - c N ( 0 < d ^ 1. 0 ^ e ^ 1 x 0 
<d + e^l) i9fcS#F«**"#-5o #*L<W\ 
#FJi^ Htc^CO In* Gai-r N (0<f<l) 
T'?f5^c$ix5o ^TC^aa^ I nG a NttEXfii^fe^ 

[0 0 2 6] -g-OO^-ct^ l^tti! 16H InGaNJ; 
fc&TJI i LT<50#F/i:fc J: 1 p ffls 

<tm*w\ 0 i*<o P sji»cia:asss^-5ft±*i:Lr 

Kl&Ji & J: tf* 1 <z> p fliia<t4h*W»JB ioi^copS 
otfci^o W««4:?Bj«-f Sa^fc^Wfr^tt, Ga 
#F/I £ H«lC=7cfiiS<© I n,-Ga 1 - ie - N (0 < f ' 

< 1 , Tt^cL. r <f) r-«t5r t ^m^friz l 

iS»tt« I n G a N^^a® L7t#S*^#F*i®i-r 
6<Z)Y>'^ ( ?^^-/^^^^x.^^fe5 

30 o"C. a^P^i^^^^i: ^3 6 5 nm— 6 6 0 n m 
co&gco ffi m ^7 l D fy<^ x 4: 5 r i AS gr 
5o S&IC. ^FS^±(CI nGaNHMttitS 
I nG a NWEMttA 1 G a NtClfc-cfttAdSffife 

A 1 G a N®^/?^ 4:^ 7 * ^ «r*±S ^i*^i?< ^ t 

[0 0 2 7] #fi*^#F*it-e«. ^FSf4 7 o^-v 
^ha- a^ct, »i8Jlfil 5 ho— ix« 

40 ^FJIKi 9*«*ns*-* J F#F*Jft<z>iStt»tt 

7 O^v^-x Nn — AJWT^ff^Sr^Ti-Sr.iiSWica 

hn — i*-e&3r iis»* 

[0 0 2 8] fSttJB 1 6\t. ^Wfa* K-7*L^^fcO 
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**ojS«4»tw % SS^Wa^f h7xryw>7> 

[0029] steJB i 6K«LTKtf-<E>iL-c^5»i <z> 
p ioifi si£j| i 6 (i 

l <33S<t4*^#flEJlf±, A l *^tf»fc«r^i»fM-fcto 

^In. AUGa x_._ fc N (O^g^l. 0<h^ 
1. 0<g + h^l) -C^/RSiT,, «p{Cj5ff^L< f^H^c 
g^Aij Gai-j N (0<j <l) X'ftZf&ZnZo 
(*Wfffl*tt::te^"t\ Alj Gax-j N (0<j<l) 

**i«:afla^*a-c*sii«aftifc*wff4:*icA i g 

a Ni^3ri^fe5) o 

[0 0 3 0] JB 1 CD p ««S*fc«fi£a**Ji 10111, i 5! 

■ y raa^pSiis^ibtL^-f- < , LHinGaN^a 
[0031] fc*5, *^§^tc^^T. a^t*^** (S 

ftlCMg, Zn. C, Be, Ca, Ba^T^t/ 
7*^— Ixi0 17 -ixi 0 22 /cm 3 

*v'^At*5«^, ^coSSf*. 1 x i 0 1 x i 

0 2 °/ c m 3 . «r(d 1X10 l9 — 1X10 ao / c m 3 "C 

fear Lv v ^fii^tfc, iff**y 

— ^Lfc*, *»tt#*#Hft*. 4 0 0°CJ^_L-CT~ 

— y -fsziiiSioasLv^ r~-y 

>^*fT3ri:fc:«i:<9, Mg K-^pfiAlGa 

N^S^T'l X 1 0 17 —1 X 1 0 l9 /cm 3 CO^r-v y 7* 

A 1 j Gai-j NtdSoV^T j coffin 0. 5^1 
i pSHMMfc* 

[0 0 3 2] *1 (0»fctt*i»f«l 1 0 1 <0JS£fi % » 

1 coait*#an*ja i o i ^r^r-y y t& hy^y 

ffr#j{cte, *N»f«il0 1tfu 0. 1 m mWT\ 
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#*L<tt0. 05/im (5 0 0ty^hny/) y 
T, firfc#*L<tt0. 0 3 Am OOOty^ho 

0 l <£>I?££:~<z>£ 3t-»< <t, ISiOpffla^ft 
^«fWi 1 0 1 *<D? yy<? 35£«rB&ik-C# , ^tt^ 

1 <Z)ifc^*£ v>A 1 G a Ng»< £ 
SL^f</^,ii!l j^0. 2^_kODAl J 

10 1 0 1 ^Mt^^ i^I^ L^o 

lOpflBSffctt^UWWii 0 i<?5*$OTPBfciH«F^»J 

[0 0 3 3] M2<Op«ia<k«l4 £l «f*iBl 0 2tt, Ml 
<z>pfflS*b*#«fWBi 0 lO^yK^tix^x^ 

Wl^pWSffctt^WWil 0 l±9fcfiH^a>&«*L 
7t{£EK&9 , *fcS*L<tteiitc^-*-J:3fc:, Ml 
<z>pM2te»***Jii o i}cSL-cMt5o 12© 

20 p«f([:*#»*Il 0 2tt, »^U< Uln.Ga 
i-,c N (O^k^l) •?7g/fi$J'U WfCG a N^7cft I 
nGaNt'Mt^ri^L^o r 05» 2 CD p flJli 
-fbfe^WfWB 1 0 2*G a NSfcH I nG a NT^/S^ 

<ttatt0fiv^2<0^a|ft:« 1 0 2d5»&n5o 12 
^pffllft^^?(*ll 0 2fi0. 0 1 5/im, 

30 4fctt4&atfHI 10 2ft r^-fr^— ^Ftt46«r**+5 

[0 0 3 4] S&fC, I n.G. a N*7tttG a N"eJK 

J«$*l7h*2 0pflia<t:«l*Wft:«l 0 2W\ W^SftW 
^fi*3<©p«»fctt^9MWIl 0 3«:J««S*5BRC0 
7riB<fc L"Cfcf^ffl-f"-5o I n G a N^fcfiG a N 
tt. AlGaNH^t^^^M^ ffioT. Stt 

ftrfioit, &3<DpM&0:Va¥mi$mi o 3 i<oM 

(CI n G a N^fcttG a NA»&ft5»20pfl|»tft* 

40 aWfcJB'l 0 2^4^t5I ^rlcj: 19. m3^>v>mmit 
[0 0 3 5] JB3<Op«a<t«*W#JBl 0 3tt, S2 

copftd^ktt^WfffJii 0 ao^yK^y^^ 
50 a^ktt^WftcJB 1 0 2^»L-CJKrtJ$ns 0 M3C0 P W 
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»t**W#« 10 3ft, A 1 &£tf»Mfc¥8ltM-fc 
t>1b In. Al„ Ga N (0 ^m^ 1 . 0 < n ^ 

1. 0<m+n^l) -eMtSIi^K, #|C 
»^L<^5%SS(OA 1 G a N-CT&S-J-So 

[0 0 3 6] :^3^pfflIftWg»:)il0 3fl 
JB2fi0pfll»k*#W*« 1 0 2<ZV<>- K^y^ 

y r»i:5&»jiao?)tBBi:ii»Jii: L-cfPffl-f-s^ 

*»*JBl 0 3fiT^-ir^^-^fe^^T-f--5t>c7D-C 

[0 0 3 7] *3<Z>pfflS>ffc4M*S<** 1 0 3±^?gfi£ 
ZtlX^&pm**?? hJI 1 7 ft, pSlM^ 

NtMtlxb, y T&S^^p^/I^ib 

[0 0 3 8] jE*1S2 0«:, ^— 5 y#ffl&*&2>tL*> 
Ni. Pd N I Rh. Pt, Ag, Au^COifc 

«tWtt*H*<oat v ^jRxtt r ti <b 0>-&£#f* l < mx 

[0 0 3 9] 8tt, tt«W4#». £f£L< 

[0 0 4 0] ^-ft:b*>. r;u^ = r>ASrttt5lftft 

T/US~^**»ft4feieW#S:G a NJB*fcttA 1 G 
a NJi±ic^ 7 y ^ «B£$^ft^"eS:Sy¥< 

WfCA 1 G a Nt'?B«t6r <t ^fflffi-Cfc So 
n§B=»^#^ hJi l 3(Z)±JC, j^7S/^KitJl3 0i:L 

n p Gax-p N <0<p£l) *S n MM &Bf& L 

nffi*-r y TBHCjiftJB l 4*?BjSE-f-So ^ 7 y ^ Wit 
i3 0o#4i:«t^ nS^^yrBHlSiiabJH 1 4tt, 

0. UmB±) I^S^-frSri^S. ^7 3^^ 
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B5it/B3 0tt. 10 0tV^ho-Ay± N 0. 5^ 

[0 0 4 1 ] B 2 lt*«B©8 2 OS«lC i 52ftft^ 
aftLD^^^SraBSM^^BrffiH-Cfc^, 01i 
— 8f5tt«r^LT^-5o B2*#figf5i, 
SSI l±Ktt, ^^77ll 2^Lt, n®^^ 
^ hJi 1 3, ^7y;?B&lhJB3 0, «3<0nfl«*lt;tt^ 

io i$f&i 203, is 2 <Dnmmiky>>¥&#m 202, mi 

2, P S 2 y ^ ^ hi 1 7 , 1 8 

Six-C^-So nl^y*^ Hi 3^ttftSffii 9^ 
pS^y^^ Mi 7 fete, JEAKS2 OAsajKWi-ftjgg 

[0 0 4 2] m2\C7jki"LB^<^^Cio\ f ^X. %\<& 
2 0 230^^1 3^On§Jl^^fls:l2 0 3li s 

5SBlOpfflJfift*¥*#JBi 0 1, »2<7>pfli|»b« 
^aSfr«i 0 2*3 2:t^m3<7)p«iia'(k#i^»*JBi 0 3 
£S*MfcKfii-efc!9. Il^piHtW^ilO 
1. I2^piltt^#ll 0 2*5<tt^3S3COp*i| 
aft* 2 ^*** 1 0 3 *COV>Ti$^fcW^#3; 

^-ft^etu #l<0n«»fc4fc^W 

#»20U «2<Onft"iaft4b**ft:ji 2 0 2*5«tt/» 
30 3 ©n«Jl<tft i l £ »*l2 0 3tCO0>TSfflL#5 o 

[0043] ttmcukvmtk, ?£&m 1 e^&L-c^ 

1 ^n^Htftf^S 2 0 1 Stt 
Si 6 (J:!!)jK?BJctt. -eco#FS) iH^yK^t 

£o L< ttll <^n«Sffctt*W*Wi 2 0 1 

tt = 5c«4<OA 1 G a N-CTf^StlSo 
[0 0 4 4] J£i^nfc^ft#>^#Ji2 0 l<Di?£ 

t>. ski wp«aft:«i#»#i o i tmm, *i<z>n« 
40 «w»M2oit*+yr Wf^tyr) 

v^y v^b»5fc+»fc»v^ffS*r*-r«o i^ff 

*«*i2 0 1tt, 0. Um^T, 
*L<H0. 05Mm (5 0 0 J-^fX b a £i 
T. ftfc»*L<tt0. 03/im (3 0 0ty^ha 

— a) yrcoi?:^ ^ftsr i^a* mi^on^ 

fi)lftW^l2 0 1t > lOty^hn-^Wl 
[0 0 4 5] fc*5. ^l<^nW^b^^®« : ii2 0 1 
50 -C. nSll^fSft: (Stt«^)»*b*tr) tt^^K 
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* L^nffii+SlCfl ^SfigS^fCS i,Ge, S 

*l£o *0>»£\ K-*— ^Fttttfi, 1 x i o ls -l x l 
0 22 /cm 3 ^Igf K— ri-S^ir^jffSH/^ £ '0 
toft is U =i >-fl 1X10 17 — 1X10 3 V c m 3 COS 
JSas«FfC$f* L < „ 1X10 1S — 1X10 zo / c m 3 CO 
»«asftfc#*Lv\> 

[0 0 4 6] 3B2fiOn«a^* i i £ ai#Ji2 o 2 mi 

CO nttl^fctt^SlfWi 2 0 1 C0/O K*> 3/ ;/ac^U=? 

SSi ^n*«a-fk4fe*«*Ji2 0 l J; 9 
fcffi»c*9, »fca*L<H:H2K:^-J-£5fc:, Jffl 
CDnM»fc4ft#WfWB 2 0 1 CgLTMt^o IS 2 CO 
n«»fc«^WfM2 0 2tt, #£L<ttI n k Ga 
i-ie N (0£k£ 1) T*?g^c^n, $M£G a N47tfit I 
nGaN*C?g«t5ri^ff*U\ *2.COn'W^t:ft 
¥3I#JI 2 0 2 fi 0 . 0Um-5^m, ££>f::#F3:L 
<*±0. 0 2 Am— 1 Mmt73J¥$**-f 3w£;&5#4L 

W\ nlt'fe^o *ib\ mi fcB8L-CKWLfcJ; 5f-, 
ffi 2 co p ffli2ft;fe¥9MttB i0 2tt, -t<o±tctt:ttWff: 

<*«Slx5*3C0p«affc4fc*Wft:Jil 0 3^fi^ 

i2OnIIftWS*S20 2^ JSlcOn««-fb4fc 
^M£#Ji2 0 1 SrjafiS-tirSgBco^y ^rJli LTf^ffl 
S l nMlft^r*^ 2 0 1 

[0 0 4 7] JB3 60n«a^b4fc^W*»2 0 3 t>, J£3 

fiOpWa-fttt^WflcJl i o 3 iPi«, **!JTBB£i£3b 
Ji2fct^*EH C&fcJI £ LTfEfflf S 2 co n«*fb 
WiS#l2 0 2COx<>- K^ y rx^*-«t9 
#^<VK¥+2/^*yU^— «r*U, I2^nilft; 
• ¥3MM| 2 0 2 £ 9 t>?£ffif 1 6 a>&«*Lfcffi»C& 
9. ft l< ItB 2 t/Tt £ 5 l:* 2 O nMfttt 

¥^£WI2 0 2fcRLT»/«i*ix5o *3<©n«(IS^«r 

2 0 3 i>, a i «r*traft*^w#-c»«i-* 

r. i L < . «r»C#* L < tt = 5ESAtf> A 1 G a N 

T-»«-t-So w©»3On«Wt***#*2 0 3t, 
0. 0UmH±, 2MtnJ^T. $ fcfcjf* L < ttO . 
OSjimfiUb. 1 Mm«TC0ff*Sr*-f-SriASa*L 

<. rcDi^^^^HP^ic^o^T, M^ttco&v^^yr 

*>\ »3CDn«»M&*W«B2 0 Sttnffl-C&So * 

* b < ter;u S»b»¥8H*a*& ft 5 

*3On«a^t:4b*W*ii2 0 3tt. #l£L<ten®G 
aNtM^tlSnS^y^^ hSl 3±(C, # 7 y ? 
ffilklM 3 0 £fr LT7B/«$;h/a^£ 0 
[0 0 4 8] pi^KlSlioiO'p^tUrPfl 
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[0 0 4 9] B3H SttlOBfl (p«1*Jj:tf nflS) 

^rJii 2£^lt. nS^y^Mn, 

10 f5Slh^3 0. ^3<7>nffiSfiffctt4M»fM 2 0 3 . fS 2 CO 
n«»fc4h¥W*« 2 0 2, #l<^n«»ttt¥*#* 
2 0 1. 16. ^ 1 CO p «»fc«l4»fWB 1 0 

1, »2©p«»t«***I10 2, J&3<0pflHMs 
*^a»flcil 1 0 Siiitfpla^^ hJi 1 7 

/f 1 7 ±[zn=*>'*? htfs— /H 8 a *Rtf3fcSifEBE^ 
il8W^T^5o nS3^^^Ml30OSdi 
*ffi±)ctt*Sffi 1 9 &&ft<otl. SSEifc^JS 2 0 ±tc 
f±iEBffi2 OASKtf &frf^5 0 IEtffi2 0H ^«C$fc 
20 ««B 1 8©2y^ h*— /H 8 a ^liLtpS^y^ 
^■Ml7i«Lt^5o O 3 {CT^i-fy^^ * £m&^- 
5S*H Bi*5j:rJ ? EI2^BaL-C»WL,fcii9<©fc<75 

[0 0 5 0] ftjb\ ^W<nmik&¥m&r 
fiStaaftft^ifMtt, W«&**»*fti56 (mov 
PE) lc£!9»*L<J«ft*^Sr iiS-C#So U&»U 

J««ft (HDVPE) , ^^Pj»«ti«ftft (MB E) * 

[0 0 5 1] B4H @3\£7F+mT&Z>. 
*i£coffittjl^^-f-6 LD.f^^^x^^^-^y K 

***s*-t-sfSttJBi 6tcSbr. *i copffiis-fk^ 

¥^J1 1 0 1 *5«fctf#l ^nilftft*S*S2 0 1 
ttStftbtiX^Z* i-^toh. SttSl 6 <<£ fcaftSBtc 
tt. -^co^Fil) ixT'x^^ct 9 

£ &K»2<Z>pW3*fc*4*WftJll 0 2*5±t5* 
40 2<Z5pflja<tft4 £ aSffiB2 0 2^<V K^r> 

ocom i (oa^^^afftJi ioi. 201^ site 1 

?)^*Siou 20 in ^yricjtbx^yr 
iLtfffflt8ritt4<, JB3<z>n«aft4b*8H*e» 

2 0 3«^6Jt2CnMft«l**#i2 0 2fC^A^ 

ftfca^F*^ y rt. y&3<ovW&ikv&¥Mtem i o 3 
ft<^e>W2<7?p«(aft:ft 2 i fe »#« 1 0 2tc^A^tt7tiE 

50 TL^^yrn h>-*yua*tci± 9 -T-tL-rttM 1 COnftil 
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1 0 l *55#St«-5Cii:iS-e#. ffittSi 6t;:*J^T3b 
*±<ff«^L, * (hv) £3g-f£ 0 

[0052] {-L-caAsnfc+ty^w:, siont 

— 7a- tt-f N mi coa^k«j*»*Ji 1 0 1 , 20 1V 

ft, a*£<«*^srtis^r*t*5o *« 

[0 0 5 3] bZZT*. **W#6H:. JWaW^f^Y 

5 »L«J 6 * £ #FJ1 * 5 £H£Jf id o v n T 

i¥Jfffl{c:W52L7h 0 I nGaNMfS 

-t±£<t. *ftl:±otlt /8ft Lfc I nG a N«a*, >T 

f-Sfctti^iy^^SrWjS-j-So InGaNffFl 

#JI (ryU5n^A**aft*i|t.»fl:i 5. 201) 1 

iKSfffcSriASto^ofco rco#FJi«itfl, rft£ 

6*<0±f£ £ 5 £**<fc < « 

/S£ft3 0 **>\ ro#FJi*#-*-SfifttB±tc»«S 

[0 0 5 4] a>< tt> nfHtfe^^ 

6ft. -o-^^Afeia^y ^^**tpa-ft**2»flcd* 

6*9 7 0^^^ hn— AJKT^ff***^, "Fife® 

^y*Ar7««mt«85ttl ; *5,fct«CStt»Jb 
fc»*t6ft, r^ir^^— ^>E«r* K— rufca^b** 1 
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<fc<^5£#* 01— B3f;:BaLTR9ILfc7^<>r*tc*5 

3fffl 5, 2 0 l) flc<^KIBio^5y Kiii(*:*fcf± 
S^Il^7^ K/fifcgatf 6ft7t@S;ife5^tei^ 

C0^7^ Kg 5 2 ±^»^^FS^ffi-C 7 0 yt^f* h 
10 n-A^TCOS^td^^ft^a^F® 5 
4fr±, #]x.f*£ftt*jKti: I nG a NT«$tl5^ ffl 

4 a t^yy^A^rfflttS 4 b*»d!t5o £ 9 i£ L 
< ^fy^^^y s/ffi|iS5 4 a i^^^^A/Tf 
)$5 4bi^h> hffc^^^^^Lt#SL, rft 
A* 2 0 — 5 0^-V^ ha- AT*&?)#, # 
YVv'^y s^MttS 4 a t#>ry^!?^7a*5 

KJB5 e^tgtf 6ftT^£ 0 

[0 0 5 5] fc*>5/^ K s> 

*s#*Lt>\> *ib\ ffi^lBLfcffFJlco^^K***^ 

[0 0 5 6] roi 5 4t^F hS^ttl^i/^^ 
^«/S-f5#FS^W-t-58tt®^Jo^r, T^irT"* 

30 Htt««K*$ £ 9 -/g{£T L#5 Q 

[0 0 5 7] t4W, 10<75^FJB<75ffirttCiol/^"C^ 
^®^*r^ltC^oV>-C^<V y~f<n¥ktSi%> I nG a Nffi 

^r-y y r k&WFMn* vv^^y (ft) tc^ 

[0058] ^^)£ 5 *#F/I^> vy^^coK^— 

s^F^-y yr cbiE^L^^ y rtaspMS-frL-cJ; * 

50 x^-hviftffltSo rcori^. Sf^rtyr 
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[0 0 5 9] 

**1B«-Ctt, H3fc*+«iS60»fc4fc i l t SI#LD7 ff >'< 

[0 0 6 0] ^f, i<i5t#L^^^>SSl 1 (M 
gAl a 0 4 ) *SJS*»rt*c-fes/ HU RJ»*»rt«: 

*1 0 5 0°C£-C±#£ii\ £«C9^ y — ->-^*;fTo 

[0 0 6 1] oi/>"C% JfljK* 5 1 0 o C3=-CTtf\ ^^r y 

hy>r/^y^A (tmg) k&m^\ s«i i±«c 

G a N^^rJI 1 2*#J2 0 0^>-^^ b n — J*(DJW- 

[0 0 6 2] 37 r TMG^CO^lh^-CT 
^=T^4riltL3fcdS& % r&jg*l O 3 0 Q C^X±^- 
£^ft 0 1 0 3 0t^ TMG U K-/<y 

F^tLT'>7^ (SiH 4 ) *ffl^T. nS^ 
>-#^ h® 1 3 t-LtS i K-T^nlG a NJ1*4 fim 

[0 0 6 3] Rfc, *as* 8 0 0°C^Ttf\ i 
LT TMG , TM I (M/^f^^!?A) JoiOT 

>-^-t*/8v\ ^««^iLtv'7V^*ffl^ 

S i K-7*I no. i Gao.o N i 9 fc£ ^ 5 3> ^ES 
JhJl3 0 1:5 0 0^-^i/^ h n— M><DJW.£$cj&&£"£ 

[0 0 6 4] ov>T*. r&K*l 0 3 0 o Ctc±tf\ JK»^f 
*kL,X b ] J ^^JVT JV^=- (TM A) , TMG*5 

l/\ S i K-rnlAU.2 Gao.a N«t9 45JS3<0 
nffl»fc46#*(Wi2 0 3*0. 5 Am<Z>/?£K/£g£ 

[0 0 6 5] Scfc. fflJK*8 0 OtKTff. TMAiW 
*Jt»T\ S i K— 7 i nSGaN±^^S2^nS!l ' 
ft« i f £ iS*a2 0 2tO. 2/*m<Dff£fcj«;tti*-£fc 0 
oi^-C, IS^rl 0 5 0XZ\Z±(f > S^CTMA, 

V*ffll^-C. S i K-^niA U.! Gao.9NJ:»4 
5*1 <^nS2*fc4&*!»ftti2 0 1*30 Orf-V^J* h 
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[0 0 6 6] W:M^iL*CTMG, TMIiiitf 
T >-^-T *ffl^TfiH£JI 1 6*WT^i§9 tci^g^-fr 
7t 0 *-*\ ^g^8 0 0tfC^Lt, yyK-^in 
o. 3 Ga 0 .e Ni 9 45#FI* 2 5 t h o-ix 

T\ IB — rfiJS-C. J 1/ K— :/ I n 0 .oxG ao.ssNi '0 
5I^S/I* 5 0 7T^7^ b n— A01Rfl[-Cj5gft$-ii:5 0 
r^*f££2E|ft9iKU &fjHc#F/i*»/iU 

[0 0 6 7 ] 2fcfc: % rES* 1 0 5 0°C*C_htf\ TMG, 
TMA, 7^^7, V^n-<>^>?^-/U^^'>r> 
A (Cp 2 Mg) SrfflO\ Mg K — /pHA 1 o. i Ga 
o. 9 Ni 0fc5SFn CO pllftft^Il 0 1*30 

[0 0 6 8] fifr^ 1 0 5 0°CT\ TMG. 7^ 
7-. *5<fctfC p a Mg*ffl^t, Mg K — /pSG a N 
J:^i5l2C0pSlftW^ll 0 2^:0. 2/zm 

20 [0 0 6 9] O^t, 1 0 5 0 o CT\ TMG. TM A, 

7y^e^7, v-^ c-<^^ v?oi-/u^^^.>^r> a (Cp 

2 Mg) *fflV\ , Mg K-T'plAlo.a Gao.a N 
i9tt5«3 60pSSifc:4h#«ff*l 0 3*0. 5 /x m 

[0 0 7 0] M^, 1 0 5 0WMg K-^plGa ' 
NX 9 pS=y^^ Kit 1 7 *0. 5 /i mCOi?^f- 

30 zfctc ft±jlcopl!^^^^ hill 7A>5)nS3y^^ 

zwtv D a y i 8 48S«!WI l 8 L, r*t 

h^-/u*^L7tm > mSfc*^gil3 0*^ 
LT, play^^Mi 7i»t5±5l-Ni i:Au 
«t 9<CSjESIS2 0*^ h^Y^tt^^UfCo — y?T 

1 tAli!lft5*Ml 9*-^ h7-T^«tfc«j«U 
TSio 

[0071] Rjc. ^x-^^ h5>r^tft<!oa«tcs 

¥fft(CS iO a iTi0 2 iSr&Efcfll 

[fI-C, /<-WLT^ h7-f ^tYX4 /i mX 6 O 0 
( t ni<Ol'-ff^iLfcS, ^^7"*^- bi/>?\Z 

T {;<;i>M& 1 o^-r^af>\ r"^— r-rifcl 0%) 
-C, Mffig4 0 0 nmCOU— 1^3gJ8iSfll»Sft, Hit 
x^U^aflc*JK= 2 k A/ cm 2 , To (»tfe?flJS) = 

2 0 0 K-C&o^o 

50 [0 0 7 2] ftjz, ^^^^^HfiSiffiflBJBEcoraJKfifeff 
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^sesss j ^fa. 

e x p (T/To ) 

<{&U T :SbfmS (K) , To :«H*»K (K) ) 

[0 0 7 3] Hjfi^I l corv^^^T, IioSft 
»?*lioi, 2 o i *u>i-*it>JB*U*^ofc» 

r, IB 1 fi02-(t*^ai#:S 10 1, 2 0 1 tfO^-f*^— 

tt, Jth=3kA/cm 2 N To IllOOKtfcofe, 

2lft«i coldt^W*^ *i co^bft^Wflc/B l 0 

1, 201^Alj Gai-j NCOjttiSO. lOi 
^ (Hffitfl 1 ) , mi^i£-<7t£ b tC, J th =2kA/c 
m 2 , To = 20 0KT^o^i, j tt** 0 . 2<Z>«# 
tt> J th- 1 • 5 k A/ c m 2 x T 0 = 3 0 OK, j ffi 
ri*0 . 3(7)i§^nj cn= 1 . 4 k A/ cm 2 . To = 4 

[0 0 7 4] Slife#J 2 
Ml eDn«aft»^»fM2 0 1 *j«ft£*fca»ojfc« 

U nl*^ K*l 5*5. ^2C0n^l^b«J^»Jl 
2 0 2CS^t5fc(??tfc5o :^LDr^^ttJ, h 
= 3 k A/ c m 2 -e*f6«« 4 0 0 n mCO U-f-lgg;^ 
561&$ix, To = 1 0 0 K-C£>o7t 0 
[0 0 7 5] 3 

jri o p «»b*^aw*Ji i o i-*/S«.£-frfca>ojfctt 
*tlt*5 9, H2<opffl*-ryriSHi:ii»Ji (*mi:a 

*«) 3 2^ N Jf(3 0pfllS^btt^ai#JI 1 o 3fc«3 

u k«3 »20p«a-rb4fc*w#ji 

1 0 2(cttai-SfcO-Cfe-5o rcOLD^<-f^^, H 
jg#l2<DLD<b[5jC< , J 3 k A/ c m 2 "CjStift 
f 4 0 0nm^U-f«Mg^tls To = 1 0 0 K 

[0 0 7 6] HJfi^J 4 
fiH4JBl6Sr, 5 0t^hn-A©)Bffl5/XK- 
/Ino.2 Gao.s N<Dfrf*m X 9 #5*— S^^FW 
»£U #10pffl»fc4M*WWBl 0UAU.3 G 

WCDLD7 t s<'{ ^&&fCo :OLDfcJ th =5kA/c 
m 2 ^Mg4 1 0 nmOl/- !P3Bl8^BtBS*t, T 
o =50 K"Cfeofc 0 

[0077] mmm 5 
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JB2<an®2fbft¥a5fWB2 0 2 £ S i K^nS I n 
o.oiGa 0 . 99 Nt«L, »2<0pS2fb&¥««ei 0 
2 3rMg K-^pSl no.oiG a 0 .ssNT??l5fiSLfcUJl^ 

O LDr^Y^ft XffiMl<^LDfv<>f*i:£<IsI— 

[0078] ni&m 6 

✓ W^KJfc^T, r^lttmSfc^^i^S 0 ^^^, To 

*>i-€-i 0%r^±L^ o 

[0 0 7 9] H2&#J 7 
S^<a#F«#J:t«SMk:* Tt^7$ 
—TfiWfak. Ltv^^r>A|: l x l 0 18 /cm 3 <39& 

20 [0 0 8 0] HJ6W8 

tiltvy ny^ixi0 19 /cm 3 0*a-C*Jit^ 
T^t^-^F««l t Lt^^V^ A* 1 X10 18 / 
cm 3 <fc«JK"C K-ru*:B#Ht MMM 1 

[0 0 8 1] Hffi#J 9 
#^K-^Ino. a Gao.s N (spJSftjS) Pr^MM 

^Vt/^Ay I n Q . 4 Ga 0 . 6 N 

>f ^^^AT'TftigcttfifiRiStSff I n 0 . 02 G 

ao. 9e NfrffiS-rSfccoT*fcofco Sfc. ^FJicoWffi 
TEM?S}^ X '0 , ^-ix^tL^t? 3 0^*>-^^ hn- 

40 mmzftft (Bs#sj o - 5 urf^©U7t LDf/w 

*5V>-C*3«t-€r3 0%{£TU To fcioi/^'C 2 0 %r£j_LL 
[0 0 8 2] HJfi^i 1 0 

l^LDf^W^f-^I-tHffiSffiStffflcio^t 
^i^40%fTU To fr^oV^r 3 0%fSj±LTU> 

50 ^ofc^Fttftfc. O^-fixfe^^iE^W* UO^fflrt-C 
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[0 0 8 3] «±ttWLfc*16fl|-CH:, 

£ 0 K— ^Ufe^tt«ifiO»JKtt, 
[0 0 8 4] 
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